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Abstract 
Prevalent theories of the Solar System formation minimize the role of matter ionization and magnetic 
field in the Solar nebula. Instead, we propose that a magnetically driven chemical gradient at the scale 
of the Solar nebula has imprinted chemical differentiation of planets in the further accretion stages. For 
a given planet, we theoretically relate element abundances relative to Sun to first ionization potentials 
and distance to Sun. This simple model is successfully tested against available chemical composition 
data from CI chondrites, and surfaces of Mars, Earth, Moon, Venus and Mercury. We show moreover 
that deviations from the proposed law for a given planet correspond to later surface segregation of 
elements driven both by gravity and chemical reactions. We thus provide a new picture for the 
distribution of elements in a Stellar System and inside planets, with strong consequences. Particularly, 
a 18 wt % initial H content is predicted for bulk Earth. 
 
Keywords: Chemical composition of planets; First ionization potential; Scaling of relative 
abundances with distance from sun; Partition coefficients of elements between surface and inner 
Earth. 
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1- Introduction 
According to the most widely accepted model (see for instance Brahic, 2006), the Solar System (SS) 
formed from the gravitational collapse of a fragment of a giant molecular cloud. The accretion of 
the gas and dust, left over from the Sun's formation, forms planetesimals that collide and aggregate 
into larger bodies: planets. In this model, the chemical compositions of the planets depend on 
temperature. In the inner Solar System, which was supposed warm, terrestrial planets form from 
compounds with high melting points, while more volatile compounds accumulate beyond the so 
called "ice-line", were they condense to form giant planets. The elemental composition of the most 
primitive accreting material before condensation is supposed to be similar to carbonaceous 
chondrites of CI group, meteorites that are considered as not chemically fractionated when relative 
abundances are compared to the photosphere. Notwithstanding, inner planets, including Earth, are 
distinct from any type of extant primitive meteorites or their mixtures (Campbell, 2012; Drake, 
2002). Furthermore, recent direct observations of the planet-forming disc around young star HL Tau 
show that planets form much faster, than previously thought (ALMA, 2014). Heterogeneous and 
homogeneous accretion models, together with coherent radial differentiation models integrating 
geophysical properties of planets, are debated in order to explain observed elemental compositions 
of planets. Existing accretion and differentiation models are shown to be insufficient to explain the 
various elemental composition of planetary materials
 
(Bertka, 1998), and more specifically the 
Earth's
 
(Javoy, 1999). Yet, few decades ago, following space plasma physics-based cosmological 
theories developed by Hoyle
 
(Hoyle, 1960), and by Alfvén and Arrhenius
 
(Alfven, 1976) to explain 
the angular momentum transfer from the Sun to planets, V. Larin
 
(Larin, 1993) proposed that 
chemical differentiation in the SS was driven by a kind of cyclotronic effect. The gravitational 
accumulation of the initial interstellar cloud into the protosun determined the formation of a 
protoplanetary gaseous disk expanding in the plane that was to become the current ecliptic plane. As 
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this stage, this protoplanetary gas was submitted both to ionizing radiations, and a very intense 
magnetic dipole originating from magneto-hydrodynamics inside the protosun, and that was normal 
to the disk plane, so that magnetic force lines were also normal to this plan and collinear. Rotational 
instability of the Protosun caused the spillage of the material, which, being partially ionized, was 
trapped by magnetic field lines. This process caused the separation of elements by their ionization 
potential, as elements with low FIPs were captured by Lorentz forces in the first place. 
Alternatively, Shu et al. (Shu, 2007; Mohanty, 2008) proposed that a similar role might have been 
played by sub-keplerian rotation of the disk of accreting partially ionized gases subjected to a 
magnetic field dragged from interstellar space by the overall Solar System forming gravitational 
collapse.   
 
In support of these views, Larin exhibited a correlation between the log of the abundance of 
elements on the Earth relative to the Sun, and their first ionization potential (FIP). Although, the 
relationship between FIP and chemical composition of Earth and Moon was examined by Hauge
 
(Hauge, 1971) with the goal to test Alfvén's
 
theory of the evolution of the SS which combines 
electromagnetic forces with gravitational forces (Alfven, 1954), these proposals were not further 
subjected to theoretical analysis, while other authors report observations (Bonnevier, 1971; Donati, 
2005; Geiss, 1998; Ludin, 1995) and theories (Eneev, 1981; Eneev, 1982) supporting the primary 
importance of space plasma physical processes in the formation of planetary systems. Herein, a 
reappraisal of available data for inner SS composition provides opportunity to propose a new predictive 
model for the distribution of elements in the SS derived from the basic concepts of statistical physics. 
 
2- Magnetically driven chemical differentiation across the Solar System 
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The differentiation factor of an element for a planetary body is defined as the ratio of its relative 
abundance in this body to its relative abundance in the SS with silicon abundances taken as references. 
We have computed differentiation factors for Earth using Earth crust data
 
(Lide, 2005), corrected to 
include major elements in hydrosphere (H, O, Cl, Mg, Na, Ca), and recommended spectroscopically 
measured relative abundances in the solar photosphere
 
(Lodders, 2003). We justify our choice of Earth 
crust by the fact that it is representative of the oldest and conserved part of the lithosphere, while 
oceanic crust is formed by more or less selective fractionation of magmatic fluids, and all estimations 
of inner Earth composition depend on strong assumptions. CRC crust data are consistent with other 
sources available (Turekian K.K., 1970; Shaw, 1976; Wänke, 1984; Weaver, 1984; Taylor, 1985; 
Earnshaw, 1997). The correlation is shown (Fig. 1) for elements from H to U (exclusions and 
corrections addressed in the supplementary information (SI)). The semi-log plot exhibits an average 
slope of -1.14 eV
-1
, with a squared coefficient of correlation of 0.56 (Fig. 1, inset). The physical 
meaning of this correlation is shown to be linked to electromagnetic forces while observed outliers are 
linked to radial differentiation as demonstrated in section 3. By contrast, we show in SI that 
temperatures of condensation of 50% of the mass into the most stable mineral, 50% Tc (Lodders, 2003) 
are very poorly correlated to differentiation factors (R
2
 = 0.4 and 0.2 with and without noble gases 
respectively) as well as to FIP. 
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Figure 1: Earth crust differentiation factors vs first ionization potential for elements H to U. The slope of the 
regression line in the semi-log plot, excluding He is  -1.139 eV-1. 
 
Since the abscissa axis in this plot is an energy scale, the law is reminiscent of a Boltzmann 
distribution. We understand this as follows: atoms in the protoplanetary gaseous accretion disk are 
flowing towards protosun, or, beyond some escape distance from its gravitational attraction, away 
because of its rotational instability. This determines a net radial flux of matter. However a fraction of 
this matter becomes ionized by radiations mostly emitted by the protosun (including for instance those 
resulting from radioactive decay of short-lived isotopes) and then is diverted towards equilibrium orbits 
by the centripetal Lorentz force exerted by the magnetic field normal to the nebular disk. Viewing the 
ionization potential  MIP  of a given element M as the activation energy for its ionization, the molar 
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trapped in orbit at average distance d  from the protosun is 
proportional to its ionization probability: 
 
where  MX SS  is the initial average abundance of element M in the SS. Here, we define 
 dTelG  as the local electronic temperature of the plasma depending on the distance from the ionizing 
source.  
We consider the protoplanetary gas as a dilute atomic plasma, absorbing radiation from the 
protosun and emitting towards the cosmic background. Locally (at distance d from the protosun) 
and at the microscopic space and time scale, the absorption (or emission) spectrum will exhibit 
strong lines corresponding to the electronic transitions for ionizations. Therefore it cannot be 
described by the Planck's law of blackbody radiation, in particular in the range of energy ~4-25 eV 
corresponding to photons able to trigger the first ionization of the chemical elements. 
In that range of energy the power absorbed per unit volume of gas is therefore strictly 
proportional to the flux of photons from the protosun, itself proportional to )(d the local solid 
angle of observation of the proto-sun: 
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With PSR  the radius of the protosun. Once a stationary regime has been reached, the average 
local kinetic energy of the gas is locally equal to the average local input of radiative energy so that: 
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with  dTG  the local protoplanetary gas temperature. We have considered that any finite local 
optical density will equally affect the input and output of energy from any elementary volume of 
gas, and therefore cancel out in the balance. 
The local gas temperature in the mid-plane of an accretion disk is usually considered to scale as 
   , with      ⁄ . This value originates from scaling arguments (Flynn, 2005), namely since the 
luminosity   of the disk scales like    , as a result of kinetic energy of infalling matter being 
transformed into heat, and also as     
 ( ) in the case the disk behaves as a blackbody, so that 
  ( )    
   ⁄ . However, assuming that the disk does not behave like a blackbody, but like 
described above, then   ( )    
  . Besides, macroscopically, that is at the astronomical space and 
time scales, the protoplanetary plasma can be considered as in equilibrium with the Cosmic 
Background, so that at distances d far enough from protosun: 
  )4(CBG TdT   
where CBT  is the Cosmic Background temperature, the lower limit for gas temperature in a 
protoplanetay disk or in the interstellar medium unless being the place of an endothermal process. 
We can therefore propose the following ansatz, with the distance to Sun   in A.U.: 
  ( )
   
    {(
 
 
)
 
  }           ( ) 
Where     is the surface temperature of the protosun. 
Substituting for  dTelG  into (1), yields Eq. (6): 
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According to equation (3), for a dilute atomic cloud irradiated by a spectrum of ionizing 
radiations, electronic thermalization is mainly achieved by ionizing absorption and de-ionizing 
emission. The ionizing power decreases with the solid angle of sight as distance d from source 
increases. Locally, energy is radiated towards the cosmic background preferentially at the expense of 
the ionized elements with the higher IPs. Therefore, thermal equilibration with cosmic background is 
obtained by keeping in the ionized state a fraction of the elements, which decreases exponentially as IP 
increases. At close distance from protosun (e.g. d ~ 1 A.U.), this fraction remains very low even for the 
lower IPs (~ 4 eV). As the distance from protosun increases, more elements with higher IPs must be 
excited in the ionized state. For very large distances, the ratio of ionized over neutral atoms approaches 
1, even for the elements with the higher IPs, although the ionizing power of the central body vanishes. 
Consequently, local electronic temperature increases with the distance to ionizing source. 
Finally, considering the normalization of abundances with respect to silicon, and assuming the 
gravitational aggregation of a planetary body at distance d , the law of magnetic chemical 
differentiation of planets comes as: 
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Where  dMfV , is the bulk differentiation factor of a planetary body gravitating at average 
distance d , and index SS refers to the average Solar System. In the case of the Earth ( ..1 UAd  ), we 
notice that the regression value obtained for elements H to U, excluding He, (Fig. 1, 
1139.1  eV ) 
applied to equation (7) imposes almost exactly ..00928.02 UARR SPS  , with    the present times 
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solar radius so as to provides    (        )            , with      the present times cosmic 
background temperature. The latter is in principle lower than it was at the time of solar system 
formation 4.5 Gy ago, in view of the expansion of the universe. Our model can therefore be tested for 
its scaling properties with respect to  , but will not allow to determine independently     and   ( ). 
We notice however that correlating experimental differentiation factors for different planets, e.g. 
referred to Earth for which the most complete and precise set of relative abundance data is available, 
one should both test the     scaling and obtain the ratios   ( )   ( )⁄ .  Finally, according to our 
model, for planets beyond asteroid belt, elemental compositions will hardly be distinguished from Sun 
photosphere composition, in consistency with current estimations. 
We have therefore further tested Eq. (7) using chemical analysis data available for asteroid belt 
and for rocky planetary bodies: Mercury, Venus, Mars and the Moon. The results are presented in 
Figures 2 to 6 for asteroid belt, Mercury, Venus, Mars and the Moon, respectively. Each figure presents 
(a, top) the correlation between the observed differentiation factors and PI in a semi-logarithmic plot, 
and (b, bottom) the correlation between the differentiation factors of the planet and that of the Earth.  
Considering an average distance to Sun of 3 A.U. for the asteroid belt, Eq. 7 with assumptions 
         and         made above, predicts a slope equal to -0.13 eV
-1
. We use elemental 
abundances in CI chondritic meteorites (Lodders, 2003) supposed to be the main representatives of 
asteroid belt
 
(Scott, 2007), and exclude noble gases and hydrogen, which we consider as strongly 
degassed from chondrites. Indeed relative abundances of noble gases are strongly depleted from 
Carbonaceous Iva (CI) type meteorites in comparison to the solar photosphere, much more than are C 
and N (Pepin, 2006). We obtain a striking match with the theoretical prediction, with an experimental 
slope equal to -0.113 eV
-1
 corresponding to 3.17 A.U. (Fig. 2, top). The coefficient of correlation is not 
very significant however, since this slope is quite weak. The correlation in Fig. 2 bottom is even 
weaker but provides a slope 0.0674 not far from 0.099 expected, which would predict         . 
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In what follows, we take assign distance to Sun for planets as the average of their perihelion and 
aphelion, namely                          for Mercury, Venus, and Mars respectively. 
Composition of Mercury was taken from the recent data from the MESSENGER mission 
(Nittler, 2011; Peplowski, 2011). Fig.3 bottom demonstrates a fair correlation of type (b) (R
2
 = 0.54) 
with slope of 0.3698.  From Eq. 7, and this slope, with assumption          , we compute   (  
          )         . 
Compositions of Venus rock samples from the Venera 13, 14 and Vega 2 missions
 
(Abdrakhimov, 2002) were completed by the C, Ne, 
36
Ar, 
84
Kr and 
132
Xe from the Venus atmosphere
 
(Fegley, 2007). O is deduced by mass balance over major elements. Fig. 4 top shows an excellent 
correlation of type (a) (R
2
 = 0.878), with slope -0.896. Fig. 4 bottom demonstrates an outstanding 
correlation of type (b) (R
2
 = 0.975) with slope 0.643. From Eq. 7, and this slope, with assumption 
         , we compute   (            )        .  
Mars composition was calculated after data from the Pathfinder, Opportunity and Spirit 
missions
 
(Foley, 2003; Hahn, 2009; Arvidson, 2010), excluding analysis of soils, which can be affected 
by meteoritic dust. O is deduced by mass balance over major elements. Mars atmosphere is strongly 
depleted in noble gases, compared to Venus and the Earth (Pepin,2006) because of Jeans escape under 
the low gravity and low magnetic field. Consequently, like for chondrites, we have not included those 
reported noble gases relative abundances in our analysis. Fig. 5 top shows a poor correlation of type (a) 
(R
2
 = 0.093). However, high FIP elements are lacking on the one hand, and the correlation is strongly 
influenced by outliers P, Cl and O, like in the case of Earth (see Fig. 1). We will come back later in the 
discussion to that important point. Excluding these outliers, the correlation is much improved (R
2
 = 
0.49). Even including these outliers, Fig. 5 bottom demonstrates a quite good correlation of type (b) (R
2
 
= 0.86) with slope of 0.455. From Eq. 7, and this slope, with assumption         , we compute 
  (            )        , that is equal to           , within experimental error. This is quite 
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important, since it is consistent with our hypothesis above that for the Earth and bodies beyond the 
minimal primordial gas temperature has been reached, namely    (        )       .  
Fig. 6 was built after experimental data from missions Apollo 15, 16 and 17 (Wanke, 1973) to 
the Moon. For each element the mass fraction is averaged after all stations for all missions. Fig. 6 top 
shows a poor correlation of type (a) (R
2
 = 0.23). However again, high FIP elements are lacking again 
on the one hand, and the correlation is strongly influenced by outliers F and O. Excluding these 
outliers, the correlation is much improved (R
2
 = 0.41), with slope 1.14 against 1.14 observed for the 
Earth. Even including these outliers, Fig. 6 bottom demonstrates a quite good correlation of type (b) (R
2
 
= 0.77) with slope 0.83. From Eq. 7, and this slope, with assumptions         ,   (    )      , 
we compute  (    )              This result is consistent with Moon elements inherited in close 
vicinity of the Earth in agreement with other models (Ringwood, 1986). 
Summarizing, Figs. 3, 4 and 5 bottom present fair to very good correlations of the type (b), 
based exclusively on relative abundances gathered from experimental geochemical data. The slopes   
in these correlations are therefore model independent observations. From Mercury to Earth, we notice 
the striking linear scaling of these figures with distance to sun, as shown in Fig. 7. Since according to 
our model (Eq. 7) we have: 
     
  ( )
    
(
 
 
)
  
         ( ) 
We infer from our finding     : 
  ( )      (
 
 
)
 
              
And: 
  ( )                      
Which corresponds to our ansatz in Eq. (5).  
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Meanwhile, for        , our assumption so far, we deduce a very high surface temperature 
for protosun:             
   . Applying the Wien law to this temperature implies a sharp maximum 
of emission at wavelength 0.84 nm (1473 eV), i.e. in the soft to hard X-ray range. This is consistent 
with our initial hypothesis that all elements in the protoplanetary gas can be ionized according to Eq. 
(1) and (7). 
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Figure 2 : Chondrites, (top) the correlation between the observed differentiation factors and FIP in a semi-
logarithmic plot, and (bottom) the correlation between the differentiation factors of chondrites and the Earth.  
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Figure 3 : Mercury, (top) the correlation between the observed differentiation factors and FIP in a semi-logarithmic 
plot, and (bottom) the correlation between the differentiation factors of Mercury and the Earth (notice that 
differentiation factors are available for planetary crusts only). 
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Figure 4 : Venus, (top) the correlation between the observed differentiation factors and FIP in a semi-logarithmic 
plot, and (bottom) the correlation between the differentiation factors of Venus and the Earth (notice that 
differentiation factors are available for planetary crusts only). 
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Figure 5 : Mars, (top) the correlation between the observed differentiation factors and FIP in a semi-logarithmic 
plot, and (bottom) the correlation between the differentiation factors of Mars and the Earth (notice that 
differentiation factors are available for planetary crusts only). 
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Figure 6 : The Moon, (top) the correlation between the observed differentiation factors and FIP in a semi-
logarithmic plot, and (bottom) the correlation between the differentiation factors of the Moon and the Earth (notice 
that differentiation factors are available for planetary crusts only). 
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Figure 7: Scaling relationship observed between slopes of correlations reported in Figs. 3 to 5 bottom and distance to 
Sun: it is linear from Mercury to Earth, as indicated by the equation and coefficient of correlation of the regression 
line given in inset. Mars lies on the expected    ⁄  scaling relationship as expected beyond Earth (broken line). 
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3 - Radial differentiation inside Earth and planets: chemistry versus gravity 
 
Let us now examine the origin of outliers in correlations of type (a) presented in Figs. 1 and 2 to 
6 top. The occurrence of these outliers significantly affects the quality of correlations and therefore 
seemingly weaken our model. We will show that it is not the case, and moreover the departures from 
the law expressed by Eq. (7) actually convey a crucial information on the partition of elements between 
surface and inner materials of planets. 
In Fig. 1, and top parts of Figs. 3 to 6, differentiation factors of the elements are calculated after 
experimental elemental abundances measured and averaged for the crusts, and eventually hydrosphere 
and atmosphere, i.e. planets surfaces, while Eq. 7 should hold for the relative abundances averaged 
over the bulk planets volumic relative abundances  MfEV . Accordingly, departures from law 
described by Eq. 7 (vertical distances in Log scale to the regression line) straightforwardly convey the 
information on the ratio of surface to volume concentrations. This is expressed by Eq. 9 demonstrated 
in SI: 
 
where indices ES and EV stand here for Earth surface and Earth volume respectively, but valid for any 
planet. Hence, crust data points located above the regression line stand for elements which are enriched 
at the surface relative to volume (e.g. F, O, Si, P, B, Cl…), or added from outer space to surface; 
whereas those located below stand for elements which are depleted in surface, relative to volume (e.g. 
Fe, Co, Ni, Cr, H, …) or might be also lost through escape to space by the Jeans effect (notably H, He). 
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In the case of Earth, plotting those partition coefficients (provided in Table S2) ,  





M
X
X
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ES  
against atomic mass (Fig. 8), reveals distinctive periodic trends in the depletion or enrichment in 
chemical elements at the Earth surface with respect to Earth volume: 
 Noble gases are increasingly depleted from the surface with increasing atomic mass, in 
an approximately linear trend (exclusions and corrections: see in SI). Since noble gases 
can be considered as chemically inert, this trend is interpreted as purely gravity driven 
(buoyancy) radial differentiation.  
 Rare earth elements are systematically more abundant at the surface, with similar 
partition coefficients. (This is in full agreement with known incompatibility diagrams 
established for crust rocks and OIB basalts with respect to MORB-N basalts). 
 The most electronegative elements, O and halogens, are much more abundant at the 
surface than in volume. Halogens are the sole elements with positive heats of formation 
of their oxides, while it is zero by convention for O2 (g) itself. 
 Transition elements in the 3d, 4d and 5d series exhibit complex periodic patterns, with 
the elements from groups 3 to 5 enriched at the surface, then increasing depletion in 
favor of volume with d-band filling, going through a maximum for Ni, Ru and Os, then 
decreasing again. 
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Figure 8: Plot of partition coefficients between Earth surface and Earth volume as a function of atomic mass. 
Numbers in ordinates are computed from Eq. (9), so that they essentially compare the experimentally observed 
crustal (or surface) relative abundances and the predicted bulk relative abundances on the basis of Eq. (7). Elements 
with positive partition coefficients are enriched at the surface with respect to the bulk, while elements with negative 
partition coefficients are enriched in the bulk with respect to surface. 
 
In a future report, we will present further interpretations of these trends in terms of thermochemical 
properties of the elements. For the time being, present in Figure 9 the fair correlation we obtain, taking 
as a proximal representation of inner Earth material the deepest rock drilled so far from the oceanic 
lithosphere (G2 Gabbro from 1485.5 to 1491.8 mbsf) during ODP Expedition 312 at Hole 1256D. 
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Major and trace elements for these samples (Yamazaki, 2009) have been averaged over the three 
intervals provided. In this figure, ordinates are obtained normalizing the mass fractions at Earth surface 
we have already used to build figure 1 (see Table S1) by mass fractions in G2. The plot demonstrates a 
one to one fair correlation (R
2
 = 0.72, slope 0.98) between the proximal partition coefficient and our 
prediction. Indeed, if G2 was fully representative of the Earth interior, we would have expected this 
parity. Notice however that the so-called Large Ion Lithophile Elements Na, K, Rb, Cs (first column 
alkaline) have been excluded from this plot, since they are notoriously depleted from oceanic 
lithosphere, and are indeed characterized in this rock by high to very high Ln (ES/G2) values, while we 
predict that in general such LILE elements are strongly enriched in the Earth interior (as for the moon 
and Venus, but in contrast to Mercury and Mars according to figures 2 to 6 top parts). Element O 
(computed by difference from sum of major elements) was also excluded since we predict it is so much 
depleted from Earth interior (as well as from the Moon, Mars, Venus but not mercury, see figs. 2 to 6 
top parts) that a material mostly composed of alumina-silicate cannot be representative under that 
respect. 
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Figure 9: Parity plot for partition coefficients computed for gabbro G2 (see text) taken as proximal for inner Earth 
composition (excluding O and LILE elements), and predicted partition coefficients shown in Fig. 8 
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4 -  Discussion and conclusions 
 
According to Eqs. 7 and 9, considering as traces the elements heavier than Ni, and making use 
of available experimental relative abundances for Earth crust, initial bulk mass fractions for Earth 
 MX EV  can be calculated (Table S1, first column, in SI). This calculation predicts a very high initial 
content of H in inner Earth, second major element after Fe, and a surprisingly low content of O: 
Fe > H > Mg > Na > Si > Ca > Al > K > Ni > Cr > C > S > Ti > O 
The ranking of mole fractions (Table S1, second column, in SI) reflects the bulk abundances in 
terms of atomic populations and allow stoichiometric guesses:  
H >> Na > Mg > Fe > Al > Si > Ca > K > C > Cr > S > Mn ~ O > Ti  
The bulk mass and mole fractions we deduce reveal that the early Earth has been more H-rich 
and O-poor than currently considered (Toulhoat, 2011). In quantitative terms Eq. 4 yields up to an 
initial hydrogen content of 18.3 wt % for the early Earth. The low escape speed for molecular hydrogen 
at Earth surface favours its diffusion towards outer space in the absence of oxidizing agents in the 
atmosphere (as suggested for early Earth) however chemically and physically bonded H could not 
escape. Since the accepted stoichiometries for hydrides of the major and minor elements according to 
the obtained elemental bulk composition would immobilize only about 24.4 mole % of the amount of H 
initially available, inner Earth may have contained 3.04 10
11
 Gt (5.1 wt % of the Earth) of combined 
hydrogen. Yet, iron hydride is more and more considered as a key ingredient of Earth's core (Isaev, 
2007; Badding, 1991) to resolve the so-called "core density deficit problem". The present results 
suggest that Earth's mantle can potentially be more reducing than usually considered and hydrogen is 
more evenly distributed in the SS than previously thought. 
A predicted global O content for Earth of 0.139 wt % will be difficult to accept since O is 
obviously the most abundant element on Earth surface (See Table S2), thus in our familiar 
environment. But one has to realize that there is no direct proof that is so in average (that is in the Earth 
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interior). Remember that Earth Lithosphere accounts for merely about 0.5 % of the total mass of Earth 
and 1.6 % of its radius. Besides, such a strong depletion of O from the inner planet seem to exist also 
for the other terrestrial planets, maybe to a lesser extent for Mercury (see Figs. 2 to 6). As far as data is 
available, halogens follow a similar behaviour as oxygen. We will particularly analyse this aspect in a 
future report. Lastly, one should keep in mind that at the latest stage of accretion, terrestrial planets 
were impacted at high kinetic energies by silicate rich large bodies formed in farther regions of the 
solar systems. These cruisers were engulfed across the relatively young crust and their material directly 
incorporated to inner earth. This might have significantly enriched the actual inner earth in O and other 
elements, while our predictions would then hold for an earlier stage of the planets differentiation.  
We have already pointed out the predicted strong surface enrichment for lanthanides, U and Th 
(which allows to assume that it is the case also from all actinides). This is in agreement with the well-
known “incompatibility” of these elements with the so far accepted “primitive mantle” model. 
However, we now make this quantitative. It has a strong consequence on the contribution of long 
period radioactive isotopes of actinides to the heat flux generated inside Earth, which should be 
minimized accordingly. Our results give way to such calculations but we will leave it as out of scope of 
the present report. On the contrary, we predict a much higher enrichment of inner Earth in K (among 
other monovalent alkaline) than usually assumed (by a factor of the order of 200). Therefore the 
radioactive decay of the inner amount of 
40
K (presently 117 ppm moles in K) should provide most of 
the thermal energy generated inside the Earth. It might also open questions concerning mechanisms by 
which such an amount of heat is dissipated. 
In conclusion, the proposed model provides an opportunity to address in a new light unresolved 
issues: the transfer of angular momentum, characteristics of the protosun and scaling law for 
temperature inside the protoplanetary nebula, the origin of volatiles, the initial composition of planetary 
materials, planets and chondrites in the Solar system, the driving forces for radial differentiation… It 
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opens the way to estimation of chemical composition of exoplanets. It predicts that the Earth elemental 
composition is drastically different from current estimation with many consequences beyond the scope 
of this paper, notably potential future supply of clean primary energy. Exploring its potential is 
therefore a core issue. 
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Figure legends 
Figure 1: Earth crust differentiation factors vs first ionization potential for elements H to U. The slope 
of the regression line in the semi-log plot, excluding He is  -1.139 eV
-1
. 
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Figure 2: Chondrites, (top) the correlation between the observed differentiation factors and FIP in a 
semi-logarithmic plot, and (bottom) the correlation between the differentiation factors of chondrites and 
the Earth. 
 
Figure 3: Mercury, (top) the correlation between the observed differentiation factors and FIP in a semi-
logarithmic plot, and (bottom) the correlation between the differentiation factors of Mercury and the 
Earth. 
Figure 4: Venus, (top) the correlation between the observed differentiation factors and FIP in a semi-
logarithmic plot, and (bottom) the correlation between the differentiation factors of Venus and the 
Earth. 
 
Figure 5: Mars, (top) the correlation between the observed differentiation factors and FIP in a semi-
logarithmic plot, and (bottom) the correlation between the differentiation factors of Mars and the Earth. 
 
Figure 6: The Moon, (top) the correlation between the observed differentiation factors and FIP in a 
semi-logarithmic plot, and (bottom) the correlation between the differentiation factors of the Moon and 
the Earth. 
 
Figure 7: Scaling relationship observed between slopes of correlations reported in Figs. 3 to 5 bottom 
and distance to Sun: it is strictly linear from Mercury to Earth, as indicated by the equation and 
coefficient of correlation of the regression line given in inset. Mars lies on the expected    ⁄  scaling 
relationship as expected beyond Earth (broken line). 
 
Figure 8: Plot of partition coefficients between Earth surface and Earth volume as a function of atomic 
mass. Numbers in ordinates are computed from Eq. (9), so that they essentially compare the 
experimentally observed crustal (or surface) relative abundances and the predicted bulk relative 
abundances on the basis of Eq. (7). Elements with positive partition coefficients are enriched at the 
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surface with respect to the bulk, while elements with negative partition coefficients are enriched in the 
bulk with respect to surface. 
 
Figure 9: : Parity plot for partition coefficients computed for gabbro G2 (see text) taken as proximal 
for inner Earth composition (excluding O and LILE elements), and predicted partition coefficients 
shown in Fig. 8 
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Supplementary Information 
 
Supplementary Methods 
 
Calculation of the differentiation factor for Earth 
In addition to average crust, the relative abundances were corrected using data from hydrosphere 
and atmosphere
 
(see main text: Lide, 2005). A special attention is given to radiogenic nuclides. 
Helium is not considered in calculations as, in addition to primordial 
3
He and 
4
He, 
3
He is produced 
from 
6
Li while 
4
He is produced during decay of different radionuclides. In these conditions 
significant differentiation factors cannot be calculated for He. Earth value for Argon abundance 
uses 
36
Ar but excludes 
40
Ar that is essentially radiogenic, and produced from 
40
K, with Ar and K 
displaying very different IP's (15.75 and 4.34  eV, respectively). Xe abundances are not corrected 
from radiogenic 
129
Xe produced from 
129
I, since Xe and I display similar IP's (12.13 and 10.45 eV 
respectively). The contribution of radiogenic 
21
Ne is considered as negligible and therefore Ne 
abundances were not corrected. Li and Be that are burnt during nucleosynthetic reactions in the Sun 
are not reported (B might have been also affected). 
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Correlation of differentiation factors to condensation temperatures of the most stable 
minerals  
In the following Figure S1 we present the existing correlation between and FIP and volatility of 
most stable mineral phases of elements likely to condense in the proto-planetary nebula (expressed 
as midpoint condensation temperatures, as reported by K. Lodders, The Astrophysical Journal, 
591:1220–1247, 2003), while in Figure S2 we plot the correlation between this measure of 
volatility versus relative abundances. Figure S1 shows that although volatilities and FIP are poorly 
correlated, with R
2
 = 0.458 (actually, volatility is rather determined by the cohesive energy of the 
element in its condensed state, which has little to do in general with the FIP since bulk solid 
compounds of elements are not in general comparable to a network of N monovalent ions sharing N 
delocalized valence electrons). Figure S2 shows a poor correlation, with R
2
 = 0.40, including noble 
gases and R
2
 = 0.20 otherwise. This has to be compared with Figure 1 in the main text, where 
relative abundances and FIP are fairly correlated with R
2
 = 0.648 including noble gases up to He, 
We conclude that our proposal does improve the ordering of data. 
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Figure S1: Correlation between First Ionization Potential of elements (H to U) and 
Temperature of condensation of 50% of the mass into the most stable mineral, 50% Tc, as 
reported by Looders (2003). Top with, bottom excluding, noble gases. 
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Figure S2: Correlation between relative abundances of elements (H to U) and Temperature of 
condensation of 50% of the mass, 50% Tc, as reported by Looders (2003). Top including, 
Bottom excluding noble gases 
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Supplementary Equations 
 
Demonstration of Eq. 9: 
The demonstration is straightforward, noticing that for all elements M : 
  
 
with indices ES, EV, SS, for Earth Surface, Earth Volume and average Solar System respectively. 
By definition of the differentiation (or enrichment) factors  Mf i  (see main text), it follows: 
 
 The overall mass balance for Earth requires: 
 
or, using (S2): 
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from which one determines: 
or: 
 
Since  MfEV  is known for all elements from Eq. 3, and all relative abundances in the solar 
system are known from experiment, equations (S2) and (S6) allow to determine all average mass 
fractions for the whole Earth volume, including that of element H. 
Combining (S2) and (S5):  
 
Taking the natural logarithm of both sides of Eq. (S7), one gets Eq. 9: 
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Supplementary Tables 
Predicted initial bulk composition of the Earth 
 
Table S1: Predicted overall initial composition of the Earth in Wt% and mol% for major and minor 
elements. Major elements are typed in bold (mass fraction larger than 0.1%).   
 
Element wt % mol % 
H 1.830E+01 87.43 
He 1.856E-05 <0.01 
B 4.220E-05 <0.01 
C 7.550E-01 0.30 
N 5.562E-03 <0.01 
O 1.391E-01 0.04 
F 1.260E-07 <0.01 
Ne 2.675E-06 <0.01 
Na 1.341E+01 2.81 
Mg 1.389E+01 2.75 
Al 8.769E+00 1.57 
Si 9.028E+00 1.55 
P 5.715E-03 <0.01 
S 3.793E-01 0.06 
Cl 4.210E-04 <0.01 
Ar 1.883E-04 <0.01 
K 3.760E+00 0.46 
Ca 8.792E+00 1.06 
Sc 3.601E-03 <0.01 
Ti 2.100E-01 0.02 
V 2.329E-02 <0.01 
Cr 1.046E+00 0.10 
Mn 4.518E-01 0.04 
Fe 1.942E+01 1.67 
Co 6.153E-02 0.01 
Ni 1.627E+00 0.13  
Balance 1,00E+02 100 
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Table S2: Data (Earth and Sun) used to create Figures 1 to 9.  Sources are referenced in the text. Blank 
spaces are for unknown data. FIP: First ionization potential; X(ES) mass fraction for Earth Surface; 
X(SS): mass fraction for Sun Surface (photosphere); X(EV): mass fraction for Earth Volume (same as 
in table S1); f(Earth/Sun): differentiation factor as defined in main text;  Ln[X(ES)/X(EV)] : neperian 
logarithm of the partition coefficient between Earth surface and  volume, with negative value sin bold. 
X(ES) and X(EV) of major elements are typed in bold (mass fractions larger than 1000 ppm).   
Element FIP X(ES)/X(Si) X(SS)/X(Si) f(Earth/Sun) f(Earth/Sun) Ln[X(ES)/X(EV)] X(ES) X(EV) 
 
(eV) 
  
Exp. Theor. 
 
ppm wt ppm wt 
H 13.595 2.483E-02 1.035E+03 2.399E-05 1.966E-03 -3.318 7.00E+03 1.84E+05 
He 24.481 2.837E-08 3.175E+02 8.934E-11 7.608E-09 -3.356 8.00E-03 2.18E-01 
Li 5.39 7.092E-05 8.974E-08 7.903E+02 2.361E+01 4.599 2.00E+01 1.91E-01 
Be 9.32 9.929E-06 1.307E-07 7.595E+01 2.625E-01 6.756 2.80E+00 3.10E-03 
B 8.296 3.546E-05 5.562E-06 6.375E+00 8.477E-01 3.106 1.00E+01 4.26E-01 
C 11.256 7.092E-04 3.027E+00 2.343E-04 2.861E-02 -3.717 2.00E+02 7.82E+03 
N 14.53 6.738E-05 9.725E-01 6.928E-05 6.742E-04 -1.187 1.90E+01 5.92E+01 
O 13.614 1.789E+00 8.049E+00 2.222E-01 1.924E-03 5.837 5.04E+05 1.40E+03 
F 17.418 2.074E-03 7.082E-04 2.929E+00 2.471E-05 12.771 5.85E+02 1.58E-03 
Ne 21.559 1.773E-08 1.543E+00 1.149E-08 2.158E-07 -1.845 5.00E-03 3.01E-02 
Na 5.138 8.567E-02 4.710E-02 1.819E+00 3.150E+01 -1.764 2.42E+04 1.34E+05 
Mg 7.644 1.063E-01 8.654E-01 1.229E-01 1.788E+00 -1.590 3.00E+04 1.40E+05 
Al 5.984 2.918E-01 8.176E-02 3.569E+00 1.196E+01 -0.121 8.23E+04 8.83E+04 
Si 8.149 1.000E+00 1.000E+00 1.000E+00 1.000E+00 1.088 2.82E+05 9.03E+04 
P 10.484 3.723E-03 9.830E-03 3.788E-01 6.925E-02 2.787 1.05E+03 6.15E+01 
S 10.357 1.241E-03 5.291E-01 2.346E-03 8.008E-02 -2.442 3.50E+02 3.83E+03 
Cl 13.01 4.076E-03 1.151E-02 3.541E-01 3.842E-03 5.612 1.15E+03 3.99E+00 
Ar 15.755 4.965E-08 1.324E-01 3.749E-07 1.659E-04 -5.004 1.40E-02 1.98E+00 
K 4.339 7.411E-02 5.293E-03 1.400E+01 7.864E+01 -0.637 2.09E+04 3.76E+04 
Ca 6.111 1.472E-01 9.428E-02 1.562E+00 1.034E+01 -0.802 4.15E+04 8.81E+04 
Sc 6.54 7.801E-05 6.829E-05 1.142E+00 6.329E+00 -0.624 2.20E+01 3.90E+01 
Ti 6.82 2.004E-02 5.147E-03 3.893E+00 4.593E+00 0.923 5.65E+03 2.14E+03 
V 6.74 4.255E-04 5.231E-04 8.135E-01 5.034E+00 -0.734 1.20E+02 2.38E+02 
Cr 6.764 3.617E-04 2.331E-02 1.552E-02 4.897E+00 -4.666 1.02E+02 1.03E+04 
Mn 7.432 3.369E-03 1.385E-02 2.433E-01 2.279E+00 -1.149 9.50E+02 2.85E+03 
Fe 7.87 1.996E-01 1.616E+00 1.235E-01 1.381E+00 -1.326 5.63E+04 2.02E+05 
Co 7.86 8.865E-05 5.034E-03 1.761E-02 1.396E+00 -3.285 2.50E+01 6.35E+02 
Ni 7.633 2.979E-04 9.989E-02 2.982E-03 1.811E+00 -5.321 8.40E+01 1.63E+04 
Cu 7.72638 2.128E-04 1.058E-03 2.011E-01 1.627E+00 -1.003 6.00E+01 1.56E+02 
Zn 9.3942 2.482E-04 2.798E-03 8.871E-02 2.411E-01 0.088 7.00E+01 6.09E+01 
Ga 5.9993 6.738E-05 5.432E-05 1.240E+00 1.175E+01 -1.161 1.90E+01 5.77E+01 
Ge 7.8994 5.319E-06 2.835E-04 1.876E-02 1.335E+00 -3.176 1.50E+00 3.42E+01 
As 9.7886 6.383E-06 1.838E-05 3.473E-01 1.535E-01 1.904 1.80E+00 2.55E-01 
Se 9.75238 1.773E-07 1.850E-04 9.586E-04 1.600E-01 -4.029 5.00E-02 2.67E+00 
Br 11.81381 8.511E-06 3.221E-05 2.643E-01 1.511E-02 3.950 2.40E+00 4.39E-02 
Kr 13.99961 3.546E-10 1.646E-04 2.155E-06 1.237E-03 -5.265 1.00E-04 1.84E-02 
Rb 4.17713 3.191E-04 3.494E-05 9.135E+00 9.465E+01 -1.250 9.00E+01 2.99E+02 
Sr 5.6949 1.064E-03 7.484E-05 1.421E+01 1.665E+01 0.930 3.00E+02 1.13E+02 
Y 6.2171 1.170E-04 1.481E-05 7.904E+00 9.159E+00 0.941 3.30E+01 1.22E+01 
Zr 6.6339 5.851E-04 3.644E-05 1.606E+01 5.684E+00 2.127 1.65E+02 1.87E+01 
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Nb 6.75885 7.092E-05 2.509E-06 2.826E+01 4.926E+00 2.835 2.00E+01 1.12E+00 
Mo 7.09243 4.255E-06 8.197E-06 5.191E-01 3.362E+00 -0.780 1.20E+00 2.49E+00 
Tc 7.28 
   
2.713E+00 
   Ru 7.3605 3.546E-09 7.179E-06 4.939E-04 2.474E+00 -7.431 1.00E-03 1.60E+00 
Rh 7.4589 3.546E-09 1.393E-06 2.546E-03 2.210E+00 -5.678 1.00E-03 2.78E-01 
Pd 8.3369 5.319E-08 5.354E-06 9.935E-03 8.089E-01 -3.312 1.50E-02 3.91E-01 
Ag 7.5762 2.660E-07 9.640E-07 2.759E-01 1.933E+00 -0.858 7.50E-02 1.68E-01 
Cd 8.9938 5.319E-07 6.796E-06 7.827E-02 3.813E-01 -0.495 1.50E-01 2.34E-01 
In 5.78636 8.865E-07 4.280E-06 2.071E-01 1.500E+01 -3.194 2.50E-01 5.80E+00 
Sn 7.3439 8.156E-06 1.219E-05 6.691E-01 2.521E+00 -0.238 2.30E+00 2.78E+00 
Sb 8.6084 7.092E-07 1.250E-06 5.672E-01 5.928E-01 1.044 2.00E-01 6.69E-02 
Te 9.0096 3.546E-09 
  
3.745E-01 
 
1.00E-03 
 I 10.45126 1.596E-06 4.507E-06 3.540E-01 7.189E-02 2.682 4.50E-01 2.93E-02 
Xe 12.1298 1.064E-10 2.520E-05 4.221E-06 1.052E-02 -6.733 3.00E-05 2.39E-02 
Cs 3.8939 1.064E-05 1.737E-06 6.124E+00 1.309E+02 -1.974 3.00E+00 2.05E+01 
Ba 5.2117 1.507E-03 2.086E-05 7.225E+01 2.896E+01 2.003 4.25E+02 5.45E+01 
La 5.5769 1.383E-04 1.924E-06 7.188E+01 1.906E+01 2.416 3.90E+01 3.31E+00 
Ce 5.5387 2.358E-04 5.468E-06 4.313E+01 1.991E+01 1.861 6.65E+01 9.83E+00 
Pr 5.473 4.610E-05 7.420E-07 6.213E+01 2.147E+01 2.151 1.30E+01 1.44E+00 
Nd 5.525 1.472E-04 4.684E-06 3.142E+01 2.023E+01 1.528 4.15E+01 8.56E+00 
Pm 5.582 
   
1.895E+01 
   Sm 5.6436 2.500E-05 1.509E-06 1.657E+01 1.766E+01 1.024 7.05E+00 2.41E+00 
Eu 5.6704 7.092E-06 5.167E-07 1.373E+01 1.713E+01 0.867 2.00E+00 7.99E-01 
Gd 6.1501 2.199E-05 2.129E-06 1.033E+01 9.889E+00 1.132 6.20E+00 1.90E+00 
Tb 5.8638 4.255E-06 3.109E-07 1.369E+01 1.372E+01 1.085 1.20E+00 3.85E-01 
Dy 5.9389 1.844E-05 2.303E-06 8.006E+00 1.259E+01 0.635 5.20E+00 2.62E+00 
Ho 6.0215 4.610E-06 5.739E-07 8.033E+00 1.146E+01 0.733 1.30E+00 5.94E-01 
Er 6.1077 1.241E-05 1.462E-06 8.489E+00 1.038E+01 0.887 3.50E+00 1.37E+00 
Tm 6.18431 1.844E-06 1.732E-07 1.064E+01 9.510E+00 1.201 5.20E-01 1.49E-01 
Yb 6.25416 1.135E-05 2.136E-06 5.312E+00 8.779E+00 0.586 3.20E+00 1.69E+00 
Lu 5.4259 2.837E-06 2.063E-07 1.375E+01 2.266E+01 0.589 8.00E-01 4.22E-01 
Hf 6.82507 1.064E-05 1.391E-06 7.650E+00 4.566E+00 1.604 3.00E+00 5.73E-01 
Ta 7.5496 7.092E-06 1.352E-07 5.244E+01 1.992E+00 4.359 2.00E+00 2.43E-02 
W 7.864 4.433E-06 2.435E-06 1.820E+00 1.390E+00 1.358 1.25E+00 3.06E-01 
Re 7.8335 2.482E-09 3.483E-07 7.126E-03 1.439E+00 -4.220 7.00E-04 4.53E-02 
Os 8.4382 5.319E-09 5.505E-06 9.662E-04 7.204E-01 -5.526 1.50E-03 3.58E-01 
Ir 8.967 3.546E-09 4.735E-06 7.490E-04 3.932E-01 -5.175 1.00E-03 1.68E-01 
Pt 8.9587 1.773E-08 1.101E-05 1.610E-03 3.970E-01 -4.419 5.00E-03 3.95E-01 
Au 9.2255 1.418E-08 2.069E-06 6.856E-03 2.925E-01 -2.665 4.00E-03 5.47E-02 
Hg 10.4375 3.014E-07 
  
7.303E-02 
 
8.50E-02 
 Tl 6.1082 3.014E-06 
  
1.038E+01 
 
8.50E-01 
 Pb 7.41666 4.965E-05 2.128E-05 2.333E+00 2.320E+00 1.094 1.40E+01 4.46E+00 
Bi 7.2856 3.014E-08 
  
2.695E+00 
 
8.50E-03 
 Po 8.417 7.092E-16 
  
7.381E-01 
 
2.00E-10 
 At 
    
1.130E+04 
   Rn 10.7485 1.418E-18 
  
5.116E-02 
 
4.00E-13 
 Fr 4.0727 
   
1.067E+02 
   Ra 5.2784 3.191E-12 
  
2.683E+01 
 
9.00E-07 
 Ac 5.17 1.950E-15 
  
3.037E+01 
 
5.50E-10 
 Th 6.3067 3.404E-05 2.902E-07 1.173E+02 8.266E+00 3.738 9.60E+00 2.17E-01 
Pa 5.89 4.965E-12 
  
1.332E+01 
 
1.40E-06 
 U 6.19405 7.092E-06 8.280E-08 8.565E+01 9.404E+00 3.297 2.00E+00 7.03E-02 
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Table S3: Data for Mercury, Venus, the Moon, Mars and chondrites. used to create Figures 1 to 9. 
Blank spaces  are for unknown data.  Sources for these data are referenced in the text. 
Element Mercury f(Merc./Sun) Venus f(Venus/Sun) Moon f(Moon/Sun) Mars f(Mars/Sun) f(Chond./Sun) 
  ppm wt Exp. ppm wt Exp. ppm wt Exp. ppm wt Exp. Exp. 
H 
        
1.91E-04 
He 
  
6.00E+00 8.72E-08 
    
2.71E-10 
Li 
        
1.53E+02 
Be 
        
1.81E+00 
B 
        
1.20E+00 
C 
  
4.00E+02 3.82E-03 
    
1.09E-01 
N 
        
2.84E-02 
O 3.18E+04 1.74E-01 4.62E+05 2.64E-01 4.36E+05 2.56E-01 5.75E+05 3.38E-01 5.34E-01 
F 
    
1.07E+02 7.11E-01 
  
8.03E-01 
Ne 
  
7.00E+00 2.09E-05 
    
1.91E-09 
Na 2.90E+04 1.12E+01 1.58E+04 1.48E+00 3.09E+03 3.10E-01 2.45E+04 2.46E+00 9.99E-01 
Mg 1.24E+05 5.74E-01 6.23E+04 3.34E-01 5.32E+04 2.90E-01 3.77E+04 2.06E-01 1.04E+00 
Al 5.91E+04 3.55E+00 8.77E+04 5.06E+00 1.06E+05 6.11E+00 5.71E+04 3.30E+00 9.76E-01 
Si 2.50E+05 1.00E+00 2.17E+05 1.00E+00 2.12E+05 1.00E+00 2.11E+05 1.00E+00 1.00E+00 
P 
    
3.39E+02 1.63E-01 3.05E+03 1.47E+00 8.79E-01 
S 2.27E+04 1.72E-01 3.34E+03 3.01E-02 
 
0.00E+00 2.03E+04 1.82E-01 9.60E-01 
Cl 3.50E+03 1.22E+00 
  
1.61E+01 6.60E-03 7.84E+03 3.22E+00 5.74E-01 
Ar 
  
3.00E+01 1.04E-03 
    
1.58E-07 
K 2.00E+03 1.51E+00 1.19E+04 1.04E+01 9.49E+02 8.46E-01 5.65E+03 5.05E+00 9.42E-01 
Ca 5.50E+04 2.33E+00 6.60E+04 3.32E+00 9.22E+04 4.62E+00 4.55E+04 2.28E+00 9.03E-01 
Sc 
    
3.60E+00 2.49E-01 
  
8.02E-01 
Ti 3.08E+03 2.40E+00 6.07E+03 6.07E+00 1.12E+04 1.02E+01 4.40E+03 4.04E+00 8.02E-01 
V 
    
1.30E+02 1.17E+00 
  
1.00E+00 
Cr 2.00E+03 1.85E-01 
  
1.79E+03 3.61E-01 1.59E+03 3.23E-01 1.04E+00 
Mn 3.50E+03 1.01E+00 1.29E+03 4.42E-01 1.02E+03 3.47E-01 2.55E+03 8.73E-01 1.30E+00 
Fe 2.04E+04 5.05E-02 6.68E+04 1.72E-01 8.42E+04 2.46E-01 1.60E+05 4.70E-01 1.06E+00 
Co 
    
3.42E+01 3.21E-02 
  
9.36E-01 
Ni 
    
2.39E+02 1.13E-02 1.74E+03 8.27E-02 1.00E+00 
Cu 
    
1.19E+01 5.28E-02 
  
1.13E+00 
Zn 
    
8.03E+01 1.35E-01 2.86E+02 4.84E-01 1.04E+00 
Ga 
    
8.42E+00 7.31E-01 
  
1.64E+00 
Ge 
    
4.80E-01 7.99E-03 
  
1.10E+00 
As 
    
4.84E-02 1.22E-02 
  
8.70E-01 
Se 
        
9.97E-01 
Br 
        
1.03E+00 
Kr 
  
2.70E-02 7.57E-04 
    
4.79E-06 
Rb 
        
5.72E-01 
Sr 
    
1.52E+02 9.60E+00 
  
9.71E-01 
Y 
    
3.82E+01 1.22E+01 
  
9.70E-01 
Zr 
    
1.60E+02 2.07E+01 
  
1.02E+00 
Nb 
    
1.07E+01 2.00E+01 
  
9.92E-01 
Mo 
        
1.17E+00 
Tc 
         Ru 
        
9.05E-01 
Rh 
        
9.50E-01 
Pd 
    
1.69E-02 1.48E-02 
  
1.03E+00 
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Ag 
        
1.96E+00 
Cd 
        
9.33E-01 
In 
    
1.10E-02 1.21E-02 
  
1.73E-01 
Sn 
        
1.29E+00 
Sb 
        
1.38E+00 
Te 
         I 
         Xe 
  
5.00E-03 9.15E-04 
    
5.62E-05 
Cs 
    
1.55E-01 4.21E-01 
   Ba 
    
1.12E+02 2.53E+01 
  
1.04E+00 
La 
    
1.68E+01 4.13E+01 
  
1.13E+00 
Ce 
    
3.76E+01 3.24E+01 
  
1.07E+00 
Pr 
    
2.72E+00 1.73E+01 
  
1.17E+00 
Nd 
    
2.64E+01 2.66E+01 
  
9.16E-01 
Pm 
         Sm 
    
7.00E+00 2.19E+01 
  
9.02E-01 
Eu 
    
1.27E+00 1.16E+01 
  
9.92E-01 
Gd 
    
6.30E+00 1.40E+01 
  
8.73E-01 
Tb 
    
1.54E+00 2.34E+01 
  
1.07E+00 
Dy 
    
9.50E+00 1.95E+01 
  
9.70E-01 
Ho 
    
2.09E+00 1.72E+01 
  
9.20E-01 
Er 
    
4.25E+00 1.37E+01 
  
1.04E+00 
Tm 
        
1.28E+00 
Yb 
    
5.00E+00 1.10E+01 
  
7.16E-01 
Lu 
    
7.09E-01 1.62E+01 
  
1.08E+00 
Hf 
    
5.13E+00 1.74E+01 
  
7.77E-01 
Ta 
    
7.75E-01 2.71E+01 
   W 
    
1.38E-01 2.68E-01 
  
3.43E-01 
Re 
    
8.75E-04 1.19E-02 
   Os 
        
8.29E-01 
Ir 
    
1.96E-02 1.96E-02 
  
9.32E-01 
Pt 
        
8.56E-01 
Au 
    
6.81E-03 1.55E-02 
  
6.63E-01 
Hg 
         Tl 
         Pb 
        
1.13E+00 
Bi 
         Po 
         At 
         Rn 
         Fr 
         Ra 
         Ac 
         Th 2.20E-01 3.03E+00 2.87E+00 4.55E+01 2.40E+00 3.90E+01 
  
1.00E+00 
Pa 
         U 9.00E-02 4.35E+00 9.16E-01 5.09E+01 2.65E-01 1.51E+01     9.53E-01 
 
 
 
